ABSTRACTWe propose an unbiased signal-tointerference ratio (SIR) 
I. Introduction
In CDMA mobile radio, signal-to-interference ratio (SIR) estimation is needed for such operations as power control and handoff decisions. In high speed downlink packet access (HSDPA), for which standardization has been completed, the mobile must measure the channel quality and feed it back to the base station to help the modulation and coding scheme selection [1], [2] . The channel quality measurement at the mobile is based on SIR estimation. Conventional SIR estimation methods assume that the interference power is much Whan Wo Kim (email: wwkim@cnu.ac.kr) and Jaemin Ahn (email: jmahn@cvic.cnu.ac.kr) are with the Division of Electrical and Computer Engineering, Chungnam National University, Daejeon, Korea.
higher than the signal power [3] . Based on this assumption, conventional methods have used automatic gain control (AGC) reference or variance of the received signal samples to measure the interference and estimate the SIR [3] , [4] . With these methods, signal powers are included in the measured interference power. However, with HSDPA, the interference power is not much higher than the signal power in the mobile receiver. This is because the received signal power at the mobile mainly consists of orthogonal code powers that should not be included in the interference power estimation, because most of them are removed in the de-spreading process of a target code. For this reason, if the conventional SIR estimation method is used in HSDPA, in which typically the single lineof-sight (LOS) path is dominant, the interference powers are severely overestimated, and the estimated SIR is severely underestimated. The underestimation becomes more severe due to the inter-antenna signal correlation when the system adopts more than two transmit antennas to obtain a maximal ratio combining gain or to use space-time coding [5] , [6] . To solve this problem, accurate measurement of the interference power is needed. This paper proposes an improved SIR estimator, which solves the problem of SIR underestimation by accurately measuring the interference power through the orthogonal characteristics of downlink signals. The validity of the proposed SIR estimator is also given by analyses and simulations. noise S by non-coherent combining of two energies from the de-patterning for two transmit antennas. We assume that the average channel gain is unity, and 1 E and 2 E denote the correlation values with de-patterning for each transmit antenna (Fig. 1) . Then S is given by by AGC and the AGC loop error is ignored, the AGC reference energy approximates the demodulator input and is given by
II. Signal Energy Measurement

Local scrambling and OVSF codes
where k n r , denotes the sample value of the received signal, ρ denotes the cross-correlation value between the two transmit antenna signals, and or I denotes the total transmit energy composed of multiple orthogonal code signals.
As noted from (2), it is not possible for the receiver to measure the interference power 
As a result, the actual measured E c /I o by the conventional estimator is given by 
From (5), we can see that the larger or I or ρ becomes, the smaller the actual measured E c /I o becomes, hence the more negative bias error (underestimation) occurs.
Proposed SIR Estimator
The bias error of (6) mainly comes from the energy of the spread orthogonal code signals, which is expressed as or I in (5). To remove the bias error, we propose a new SIR estimator through which we can obtain the interference energy without the or I factor. Because the energy of the orthogonal code signals can be eliminated when de-spread with other orthogonal codes, we can remove the or I factor by de-spreading the received signal with some unused form of orthogonal code.
Actually, there is no way to know the unused orthogonal code in the mobile receiver for current WCDMA specifications. However, the CPICH, the common pilot channel, is assigned to a specific orthogonal code. For transmit diversity, the CPICH orthogonal code is extended with Walsh function patterns, shown in the upper part of Fig. 1 , to distinguish the transmit antennas. Therefore, we can find the unused orthogonal code in the extended length by using the unused Walsh function pattern. By performing the de-spreading (i.e., de-patterning) operation as shown in the lower part of Fig. 1, we can , where s N is a symbol duration in chips (that is, a group of chips consisting of one element of a pattern). Thus, unlike (3), the proposed receiver can measure the N chip accumulated interference energy 
and the output of the proposed E c /I o estimator is given by
IV. Simulation Results and Discussions
The SIR estimation accuracies of the conventional and proposed estimator are compared through simulations. For the simulations, we assume the CPICH chip energy over or I (i.e., (4) and (7) are unbiased in most ranges of received o c I E / . However, as the or I increases, the bias error with the conventional estimator increases as expected in the problem statement section (section III.1). Figure 2 shows the simulation results for full loading, the base station transmits CPICH, DPCH, and OCNS over an AWGN channel. In the figure, the bias error for the conventional method results in a 2 dB underestimation at the o c I E / of -17 dB and more than a 10 dB underestimation at the o c I E / of -3 dB, while the proposed estimator performs unbiased estimation.
From (5) or /I oc = -7 to +7 dB, E c,cp = -10 dB (10%), E c,dp + E c,oc = 90%).
little other cell interference (the common HSDPA environment), the measured value becomes the preset -10 dB of or c I E / plus -3 dB of the cross correlation between two transmit antennas. The simulation results given in Fig. 2 show that the expectation is right.
If the channel environment is not a single LOS path but a multipath, the accuracy of the proposed estimator will be degraded. However, if we assume that the multipath interference canceller (see [8] ) works well enough, the multipath interference energy is removed from the received signals and the system with the multipath will show nearly the same performance as that with the single path. Therefore, we analyzed the method for the single-path condition here and we left the performance analyses for the multipath environments or for the effects of the combination with the multipath interference canceller to a further study.
V. Conclusion
We proposed an unbiased E c /I o estimator. The performance of the proposed estimator is shown by analyses and simulations. From the analyses and simulation results, we can see that the proposed SIR estimator performs unbiased SIR estimation while the conventional SIR estimator severely underestimates and is saturated to -13 dB (preset or c I E / plus the cross correlation between two transmit antennas) in a common HSDPA environment. Therefore, the proposed estimator is suitable for HSDPA service environments with high data rate, high power, and full cell loading (e.g., full mutlicode transmission) situations.
